The Generalized Coherent State Model, proposed previously for a unified description of magnetic and electric collective properties of nuclear systems, is extended to account for the chiral like properties of nuclear systems. To a phenomenological core described by the GCSM a set of interacting particles are coupled. Among the particle-core states one identifies a finite set which have the property that the angular momenta carried by the proton and neutron quadrupole bosons and the particles respectively, are mutually orthogonal. All terms of the model Hamiltonian satisfy the chiral symmetry except for the spin-spin interaction. The magnetic properties of the particle-core states, where the three mentioned angular momenta are orthogonal, are studied. A quantitative comparison of these features with the similar properties of states, where the three angular momenta belong to the same plane, is performed.
I. INTRODUCTION
The rotational spectra appear to be a reflection of a spontaneous rotational symmetry breaking when the nuclear system acquires a static nuclear deformation. The fundamental nuclear properties like nuclear shape, the nuclear mass and charge distribution inside the nucleus, electric and magnetic moments, collective spectra may be evidenced through the system interaction with an electromagnetic field. The two components of the field, electric and magnetic, are used to explore the properties of electric and magnetic nature, respectively.
At the end of last century the scissors like states [1, 2] as well as the spin-flip excitations [3] have been widely treated by various groups. Some of them were based on phenomenological assumptions while the other ones on microscopic considerations. The scissors like excitations are excited in (e,e') experiments at backward angles and expected at an energy of about [2] [3] MeV, while the spin-flip excitations are seen in (p,p') experiments at forward angles and are located at about 5-10 MeV. The scissors mode describes the angular oscillation of proton against neutron system and the total strength is proportional to the nuclear deformation squared which reflects the collective character of the excitation. Many papers have been written on this subject and therefore it is difficult to quote all of them. We mention however two reviews given in Refs. [3, 4] .
Since the total M1 strength of the M1 mode is proportional to the nuclear deformation squared, it was believed that the magnetic collective properties are in general associated with deformed systems. This is not true due to the magnetic dipole bands, where the ratio between the moment of inertia and the B(E2) value for exciting the first 2 + from the ground state 0 + , I (2) /B(E2), takes large values, of the order of 100(eb) −2 MeV −1 . These large values can be justified by a large transverse magnetic dipole moment (perpendicular to the total angular momentum) which induces dipole magnetic transitions, but almost no charge quadrupole moment [5] . Indeed, there are several experimental data showing that the dipole bands have large values for B(M1) ∼ 3 − 6µ 2 N and very small values of B(E2) ∼ 0.1(eb)
2 (see for example Ref. [6] ). The states are different from the scissors mode, they being rather of a shears character. A system with a large transverse magnetic dipole moment (the component of the magnetic moment perpendicular to the total angular momentum) which was studied in many publications, may consist of a triaxial core to which a proton prolate and a neutron oblate hole orbital are coupled. The interaction of particle and hole like orbitals is repulsive, which keeps the two orbits apart from each other. In this way the orthogonal angular momenta carried by the proton particles and neutron holes are favored. The maximal transverse dipole momentum is achieved, for example, when j p is oriented along the small axis of the core, j n along the long axis and the core rotates around the intermediate axis. Suppose the three orthogonal angular momenta form a right trihedral frame. If the Hamiltonian describing the interacting system of protons, neutrons and the triaxial core is invariant to the transformation which changes the orientation of one of the three angular momenta, i.e. the right trihedral frame is transformed to a left type, one says that the system exhibits a chiral symmetry. As always happens, such a symmetry is identified when that is broken and consequently to the two trihedrals correspond distinct energies, otherwise close to each other. Thus, a signature for a chiral symmetry characterizing a triaxial system is the existence of two ∆I = 1 bands which are close in energies. Increasing the total angular momentum the gradual alignment of j p and j n to the total J takes place and a magnetic band is developed.
The question addressed in this paper is whether the picture of the three angular momenta system, carried by a phenomenological core, a prolate and an oblate single particle orbitals, with respect to which the chiral symmetry is defined is unique for determining states connected with large M1 transitions. Note that the nuclear system which accommodate the chiral frame is odd-odd.
In the past, the magnetic states of orbital or of spin-flip nature were considered by our group in several publications [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . We studied also the dipole bands with K π = 1 ± using a quadrupole and octupole boson Hamiltonian and a set of model states obtained by parity and angular momentum projections from a quadrupole deformed ground state without space reflection symmetry [17] . We pointed out that the band 1 + has a magnetic character while the dipole band 1 − is of an electric type. In another publication [18] we pointed out that the parity partner bands have the property that starting from a critical angular momentum, the states have the property that the angular momenta carried by the quadrupole and octupole bosons respectively, are mutually orthogonal. Therefore one may expect that adding to the phenomenological Hamiltonian a set of interacting particles one could achieve a configuration where the angular momentum carried by nucleons is perpendicular on the quadrupole and octupole angular momenta which are already orthogonal. The first attempt was already made in Ref. [19] .
Here we attempt another chiral system consisting of one phenomenological core with two components, one for protons and one for neutrons, and two quasiparticles whose total angular momentum is oriented along the symmetry axis of the core due to the particlecore interaction. We investigate whether states of total angular momentum I, where the three components mentioned above carry angular momenta, J p , J n , J F , which are mutually orthogonal, may exist. We believe that if such configuration exists it is optimal for defining large transverse magnetic moment inducing large M1 transitions.
II. THE GENERALIZED COHERENT STATE MODEL
The description of magnetic properties in nuclei has always been a central issue. The reason is that the two systems of protons and neutrons respond differently when they interact with an external electromagnetic field. Differences are due to the fact that by contrast to neutrons, protons are charged particles, the proton and neutron magnetic moments are different from each other and, finally, the proton and neutron numbers in a given nucleus are, in general, different. collective interacting bands [20] , was extended by including the isospin degrees of freedom in order to account for the collective properties of the scissors mode [21] . This extension is conventionally called "The Generalized Coherent State Model"(GCSM).
CSM starts with the construction of a restricted collective space, by projecting out the components of good angular momentum from three orthogonal quadrupole boson states.
These states are chosen such that they are orthogonal before and after projection. One of the three deformed states, the intrinsic ground state, is a coherent state of Glauber type with respect to the zero component of the quadrupole boson, b † 20 , while the other two are obtained by acting with elementary boson polynomials on the ground state. In choosing the intrinsic excited states we take care that the projected states considered in the vibrational limit have to provide the multi-phonon vibrational spectrum, while for the large deformation regime their behavior coincides with that predicted by the liquid drop model.
In contrast to the CSM, which uses only one boson for the composite system of protons and neutrons, within the GCSM the protons are described by quadrupole proton-like bosons, b † pµ , while the neutrons by quadrupole neutron-like bosons, b † nµ . Since one deals with two quadrupole bosons instead of one, one expects to have a more flexible model and to find a simpler solution satisfying the restrictions required by CSM. The restricted collective space is defined by the states describing the three major bands, ground, beta and gamma, as well as the band based on the isovector state 1 + . Orthogonality conditions, required for both intrinsic and projected states, are satisfied by the following 6 functions which generate by angular momentum projection, 6 rotational bands:
the gamma states an asymmetric structure and fitting the model Hamiltonian coefficients in the manner described in Ref. [22] , a better description for the beta band energies is obtained. Moreover, in that situation the description of the E2 transition becomes technically very simple. For these reasons, here we make the option for a proton neutron asymmetric gamma band.
All calculations performed so far considered equal deformations for protons and neutrons.
The deformation parameter for the composite system is:
The factors N involved in the wave functions are normalization constants calculated in terms of some overlap integrals.
We seek now an effective Hamiltonian for which the projected states (2.1) are, at least in a good approximation, eigenstates in the restricted collective space. The simplest Hamiltonian fulfilling this condition is:
HereN i with i = p, n, pn denotes the boson number operators:
The Hamiltonian given by Eq.(2.4) has only one off-diagonal matrix element in the basis
JM . However, our calculations show that this affects the energies of β andγ bands by an amount of a few keV. Therefore, the excitation energies of the six bands, are in a very good approximation, given by the diagonal element:
It can be easily checked that the model Hamiltonian does not commute with the components of theF spin operator:
Hence, the eigenstates of H are F 0 mixed states. However, the expectation values of the F 0 operator on the projected model states are equal to zero. This is caused by the fact that the proton and neutron deformations are considered to be equal. In this case the states are of definite parity with respect to the proton-neutron permutation, which is consistent with the structure of the model Hamiltonian which is invariant with respect to such a symmetry transformation. To conclude, by contrast to the IBA2 Hamiltonian, the GCSM Hamiltonian is notF spin invariant. Another difference to the IBA2, the most essential one, is that the GCSM Hamiltonian does not commute with the boson number operators. Due to this feature the coherent state approach proves to be the most adequate one to treat the Hamiltonian in Eq.(2.4). The asymptotic behavior of the magnetic state 1 + , derived in Ref. [21] , shows clearly that the phenomenological description of two liquid drops and two rigid rotors are just particular cases of the GCSM, defined by specific restrictions.
The GCSM seems to be the only phenomenological model which treats simultaneously the M1 and E2 properties. Indeed, in Refs. [22, 23] the ground, beta and gamma bands are considered together with a K π = 1 + band built on the top of the scissor mode 1 + . By contrast to the other phenomenological and microscopic models, which treat the scissors mode in the intrinsic reference frame, here one deals with states of good angular momentum and, therefore, there is no need to restore the rotational symmetry. As shown in Ref. [24] the GCSM provides for the total M1 strength an expression which is proportional to the nuclear deformation squared. Consequently, the M1 strength of 1 + and the B(E2) value for 2 + are proportional to each other, although the first quantity is determined by the convection current while the second one by the static charge distribution.
One weak point of most phenomenological models is that they use expressions for transition operators not consistent with the structure of the model Hamiltonian. Thus, the transition probabilities are influenced by the chosen Hamiltonian only through the wave functions. By contradistinction in Refs. [22, 23] the E2 transition operator, as well as the M1 form-factor, are derived analytically, by using the equation of motion of the collective coordinates determined by the model Hamiltonian. In this way a consistent description of electric and magnetic properties of many nuclei was attained.
III. PROTON AND NEUTRON ANGULAR MOMENTA COMPOSITION OF THE GROUND AND DIPOLE MAGNETIC BANDS
We start by mentioning few properties for the intrinsic ground state wave function, Ψ g .
Note that Ψ g can be written in a factorize form:
where the factor functions are:
The τ functions, with τ = p, n, are eigenstates of the z projection of the angular momentum and therefore can be expanded in the basis |J τ 0 defined by the eigenstates of J 2 τ , J τ 0 :
Denoting by
the angular momentum projected state associated to Ψ τ and then inserting the expression (3.3) in the right hand side of (3.4), one finds that the expansion coefficients C Jτ are related with the projected state norms, by:
Jn denote the norms of the angular momentum projected states associated to Ψ p and Ψ n , respectively. These have been analytically expressed in Ref. [20] , where the projected states ϕ 
The angular momentum projected state is defined by:
with the norm:
In the above equations the standard notation for the Clebsch-Gordan coefficients has been used.
The average value of the angular momentum carried by the proton bosons is given by:
Jp,Jn
Similarly, one calculates the average angular momentum carried by the neutron bosons, J
nJ . The two angular momenta, J
nJ , define the relative angle which obey the equation:
.
(3.10)
Let us consider now the angular momentum projection of following dipole excitation of the intrinsic ground state 11) with the norm having the expression:
It is worth calculating the separate contributions of proton and neutron bosons to building up the total angular momentum of a given magnetic dipole state. The effective angular momentumJ is defined as:
Since the ground state is symmetric with respect to the p − n permutation, one expects that the effective neutron angular momentum defined by averaging the operatorĴ 2 n;J with the ground state projected function is equal to the effective proton angular momentum, i.e.
(3.14)
Denoting the ground state angular momentum by
then for the average value one obtains:
Squaring Eq.(3.15) and averaging the result with the dipole projected state J, one can calculate the angle between the angular momenta J p and J n :
(3.17)
IV. A POSSIBLE EXTENSION OF THE GCSM
Here we shall consider a particle-core interacting system described by the following Hamiltonian:
with the notation for the particle quadrupole operator:
Here H GCSM denotes the phenomenological Hamiltonian described in previous section, associated to a proton and neutron bosonic core. The next two terms stand for a set of particles moving in a spherical shell model mean-field and interacting among themselves through pairing interaction. The low indices α denote the set of quantum numbers labeling the spherical single particle shell model states, i.e. |α = |nljm = |a, m . The last two terms denoted hereafter as H pc express the interaction between the satellite particles and the core through a quadrupole-quadrupole and a spin-spin force, respectively. The angular momenta carried by the core and particles are denoted by J c (= J pn ) and J F , respectively. The mean field plus the pairing term is quasi-diagonalized by means of the Bogoliubov-Valatin transformation:
The free quasiparticle term is α E a a † α a α , while the qQ interaction preserves the above mentioned form, with the factor q 2m changed to:
We restrict the single particle space to a single-j state where two particles are placed. In the space of the particle-core states we, therefore, consider the basis defined by:
where |BCS denotes the quasiparticle vacuum, while N JI is the norm given by
The matrix elements of the model Hamiltonian H are given analytically in Appendix A. Now let us analyze the proton and neutron angular momentum composition for the two quasiparticle components of the particle-core basis. The effective angular momenta can be easily calculated:
pn;JI ( J
The angle between proton and neutron angular momenta can be obtained from the equation:
(4.8) 
J M (dp, dn). The deformation parameters are dp = 0.2 and dn = 2.4. gular momentum of a state belonging to the ground band, to the pure phenomenological dipole band and to two quasiparticle-dipole band, respectively. For the three bands this was analytically given by Eqs. (3.9), (3.13) and (4.7), and plotted in upper, middle and bottom panels of Fig.1 respectively. Therein, the notations < J τ > stay for J (g) τ J , J (1) τ ;J and J (1) τ ;JI , respectively. Note that for ground band states, when the the proton and the neutron deformations are equal and large, the two angular momenta are aligned to each other in states of high angular momentum. Indeed, as seen from the upper panel for large J we have J ≈ 2 J p . If the two deformations are very different then, by far, the largest contribution is brought by the most deformed system the weakly deformed subsystem bringing an almost vanishing average angular momentum. As for the pure phenomenological dipole band, represented in the middle panel of Fig. 1 , we note an even-odd staggering for small and moderate deformation. Such a structure is washed out for large deformation. These features are met also for the case of two quasiparticle-dipole states when the two quasiparticles total angular momentum is equal to zero. Due to the large K quantum number of the two quasiparticle components, when the angular momentum carried by the two quasiparticles is equal to 12, the dipole band starts with the angular momentum 13.
The two quasiparticle-dipole state components of the particle-core basis involve three angular momenta, J p , J n , and the quasiparticles total angular momentum denoted by J F , which, in certain states, could be mutually orthogonal. Under this circumstance, suppose that the vectors set J p , J n , J F form a right trihedral.
The transformation which changes the orientation of one component of the set, i.e. the right trihedral is transformed into a left one, is conventionally called chiral. Obviously, any such a transformation may be written as a product of a rotation of angle π around a chosen trihedral axis and the space reversal transformation. Excepting the spin-spin term, the Hamiltonian introduced in the previous section is invariant to any chiral transformation.
In fact, the chiral symmetry breaking mentioned above is generating the so called chiral bands characterized, first of all, by a large intra-band M1 transition probability.
The goal of this section is to identify states Ψ (2qp;J1) JI;M characterized by an orthogonal
The angle between the angular momenta carried by protons and neutrons in a ground band projected state is represented as function of the angular momentum J for different sets of proton and neutron deformations, in Fig. 2 . Irrespective of the deformations magnitude, for J = 0, the angular momenta J p and J n are anti-aligned. For J = 2 the angle jumps down to 90 0 and 98 0 when both deformations are small or one is small while the other one only moderately small, respectively. Increasing the angular momentum, the angle characterizing the system of small deformations is smoothly decreasing, approaching the aligned picture for very large angular momentum. By contrast, when the proton and neutron deformations are very different, the angle is smoothly but slowly decreasing keeping close to 90 0 . In the case of equal and large proton and neutron deformations the angle is continuously decreasing the rotation gradually aligning the two angular momenta, J p and J n .
The relative angle of the proton and neutron angular momenta in the pure boson dipole
JM is presented in Fig.3 . One notices that the angle is 90 0 in the first three dipole states of angular momenta 1,2 and 3. Increasing the total spin, the corresponding angles decrease monotonically. A step structure for the states J and J + 1 with J-even shows up. We recall that in our previous applications of the GCSM [7] , the unprojected state Ψ g was considered for equal deformation parameters for the proton and neutron systems.
However, since the number of protons and neutrons are different and, moreover, the two kinds of nucleons occupy different shells, it is reasonable to suppose different deformation parameters for protons and neutrons, respectively. The corresponding projected dipole states are denoted by Φ
(1)
For this situation, the dependence of the (J p , J n ) angle on the total angular momentum is presented in Fig. 4 . (dp, dn). The deformation parameters are dp = 0.2 and dn = 2.4. From Fig. 5 it is clear that for each value of the two quasiparticle angular momentum there are three states, the lowest angular momentum states being characterized by an orthogonal configuration (J p , J n ). Since the K quantum numbers for proton and neutron systems included in the core are small and, moreover, the total K being equal to unity, it is reasonable to suppose that J p and J n are both perpendicular to the intrinsic symmetry axis, that is OZ. The symmetry axis of the particle motion is determined by the mean field caused by the particle-core interaction of the qQ type. On the other hand, the quasiparticle angular momentum projection on the symmetry axis is, by construction, maximal. Therefore, J F is oriented along the axis OZ, which results in having an orthogonal trihedral (J p , J n , J F ). Invoking the arguments of Ref. However, before doing that let us consider the states with the quasiparticle factor state with angular momentum and projection (J, 0):
In such a state, the three angular momenta, J p , J n , J F are in the same plane. Hence, one expects the magnetic properties to be different from those characterizing the state where the mentioned vectors are mutually orthogonal. For comparison, these states are also considered in Figs. 7 and 8.
VI. MAGNETIC DIPOLE TRANSITIONS
The magnetic moment of the phenomenological core is defined by:
where g p , g n and g c denote the gyromagnetic factors for proton neutrons and the core.
Multiplying this with J c = J pn , and averaging the result with the function Ψ (2qp;J1)
JI;M , one obtains an equation determining g c :
p;JI ( J 
n , which results in having a simple expression for the core gyromagnetic factor:
3)
The expression 6.2 can be easily derived by expressing first the core magnetic moment as a linear combination of the sum and the difference of proton and neutron angular momenta:
Since the scissors state, 1 + , is antisymmetric with respect to the proton neutron permutation, while the ground state, 0 + , is symmetric, only the second term from the above equation contributes to the transition 0 + → 1 + . This feature is not preserved when we treat the intra transitions of the chiral band, the states participating to the transition behaving similarly at the proton-neutron permutation.
Denoting by g F the gyromagnetic factor for the two quasiparticle factor state and following a similar procedure as above we get for the whole system the following gyromagnetic factor:
pn;JI + 1) − J(J + 1)
We note that both gyromagnetic factors for the core and for the whole system depend on the angular momenta J and I.
In order to calculate the M1 transition probability we need the following reduced matrix elements:
Using the previous results regarding the average value ofĴ 2 τ , the last expression of the above equations considered for the case I ′ = I, simplifies to:
The M1 transition operator is defined by:
In Refs. [7] [8] [9] we pointed out a drawback of the phenomenological descriptions of the magnetic states consisting of that the transition operator does not take care of the Hamiltonian model structure, i.e. is independent of the states participating at transition. Therein, we proposed a possible solution for correcting the mentioned drawback.
Indeed, using the classical expression for the magnetic moment:
with ρ p and v denoting the proton charge density and the velocity of an elementary volume of proton matter having the coordinate r and integrating on a liquid drop volume whose surface is expressed in terms of the quadrupole coordinates α µ , one arrives at a quadratic expression in coordinates and their time derivatives. The coordinates and their conjugate momenta are quantized by:
where "˙" denotes the time derivative operation. In this way a simple boson expression for the transition operator was obtained:
where M denotes the proton mass, µ N the nuclear magneton and c the light velocity. The reduced form-factor F kp has the expression:
where A i 's are the structure coefficients involved in Eq. (2.4). Here q stands for the momentum transfer when a transition, from an initial state of energy E i to a final state of energy E f , takes place:
From the above equations we note that, even in the second order in bosons, the gyromagnetic factors have components different of the angular momentaĴ p andĴ n , which are proportional to the proton-neutron dipole operators. Although the present formalism is purely a phenomenological one and therefore the magnetic moments of neutrons are not included, due to the proton neutron coupling terms from the model Hamiltonian, the neutron gyromagnetic factor is not vanishing.
Actually, restricting the expression for the transition operator to the angular momenta, the above equation provides analytical expressions for the proton and neutron system. For illustration, in Table I we give the results of our calculations for the reduced magnetic dipole transitions between two adjacent states from a two quasiparticle band, for two sets of the deformation parameters. These are chosen such that to correspond to a near vibrational regime. We recall that a rotational picture is reached for a deformation parameter larger than 3 [20] . We note that for J ≥ 6, where J denotes the quasiparticle total angular momentum, and system angular momentum I larger than 10, the transitions might be considered of collective nature. Although we truncated the angular momentum I to 20, from Table I it is conspicuous that the larger is I, the larger is the M1 strength.
(dp, dn)=(1.0, 1.0) (dp, dn)=(0. 
VII. NUMERICAL RESULTS AND DISCUSSIONS
The formalism described in the previous sections was applied for 192 Pt. Unfortunately there are no available data concerning the magnetic bands for even-even-nuclei. In choosing the nucleus of 192 Pt we had in mind that the Pt isotopes around A=192 are gamma soft nuclei and a phase transition from prolate to oblate through a triaxial shape is expected to occur for 192 Pt. Indeed, the signature for a triaxial rotor
is satisfied with a good accuracy by the chosen nucleus. The left hand side of the above equation amounts of 929 keV, which should be compared with the value of the right hand side, which is 921 keV. As noticed by many authors the triaxial shapes favor the occurrence of chiral configurations.
We calculated first the excitation energies for the bands described by the angular momentum projected functions φ
JM |BCS (2.1) and Ψ (2qp;J1) JI;M (4.5 ) and the particle-core Hamiltonian H (4.1). Several parameters like the structure coefficients defining the model Hamiltonian and the deformation parameters are to be fixed. Since in the present application the proton and neutron deformations are equal, we need only one "global" deformation, ρ = √ 2d. For a given ρ we determine the parameters involved in H GCSM by fitting the excitation energies in the ground, β and γ bands, through a least square procedure. We varied then ρ and kept those value which provides the minimal root mean square of the results deviations from the corresponding experimental data. Excitation energies of the phenomenological magnetic bands described by φ
JM and φ
JM respectively are free of any adjusting parameters. The strengths of the pairing and Q.Q interaction were taken close to the values used in Ref. [25] , where spectra of some Pt even-even isotopes where interpreted with a particle core Hamiltonian, the core being described by the Coherent State Model (CSM). Thus, the quasiparticle energy is 1.25 MeV while the strength X ′ pc defined by:
is taken to be -0.023 MeV. The notations M and ω 0 are used for nucleon mass and the shell model single particle frequency. Since the considered outer particles are protons, the neutron particle-core coupling term is ineffective. Therefore we put X (n) pc = 0. The parameters mentioned above have the values listed in Table II . (dp, dn). The deformation parameters are dp = 0.2 and dn = 2.4. Table 2 . The r.m.s. value of the deviation of the theoretical results and the corresponding experimental data is equal to 67 keV. Excitation energies calculated with these parameters are compared with the corresponding experimental data, in Fig. 9 . One notes a reasonable agreement of results with the corresponding experimental data. The weak feature of our formalism is that does not reproduce the right staggering in the γ band. Actually, the experimental energy spacings in this band is almost constant up to the state 5 + , increases for 6 + and then a smaller spacing for the pair of states 6 + , 7 + is recorded. Since one has only one staggering situation, one cannot conclude upon a staggering (J + , (J + 1) + ) with J-even. It may happen that the state 6 + does not really belong to the γ band. Thus, to draw a definite conclusion one needs data for excitation energies of the higher spin states. On the other hand the GCSM formalism [7] predicts for small deformation a staggering (3 Results for the magnetic dipole bands are plotted in Fig. 10 In order to decide to which of the two experimental sets of data could be associated the results of our calculations, additional investigations are necessary from both theoretical and experimental sides.
In the upper part of Fig. 10 we give the excitation energies of the bands T 1 and T 2 , which are tentatively called twin bands. They have some specific properties. First of all, both are K = 11 bands. The meaning of this statement is as follows. Since the unprojected state, generating the bands T 1 and T 2 through angular momentum projection, is a K = 11, after projection the wave function is a superposition of different K components among which the one having K = 11 prevails over the others [20] . Fig. 11 as function of angular momentum. The curves for the two twin bands are almost parallel to each other and behave as a polynomial in J, of rank three. These spacings are used to calculate the so called signature energy staggering, defined by:
This function, plotted in Fig.12 , exhibits no staggering and is decreasing monotonically and very slowly with J. Indeed, the e-cart of maximum and minimum value is only of about 7
keV. For an ideal chiral band this parameter should be independent of J. Both twin bands intersect the lower dipole bands at the energy level 11 + . Due to this feature we would expect that a backbending takes place at this angular momentum. However, due to the doublet structure in the lower dipole bands it is difficult to define consistently the moment of inertia for the ∆J = 1 states. Despite the mentioned encountered difficulties, the plot of the moment of inertia vs. the rotational frequency squared starts with a backbending, continues, from 14 + , with a forward bending and again a backbending from 19 + . This picture is common for both twin bands. For illustration, in Fig. 13 we present the situation of the T 1 band. Denoting by J , E(J) and ω the double moment of inertia, the energy of the state J + belonging to the T 1 band and the rotational frequency respectively, for the chosen ∆J = 1 band one gets:
From Fig. 13 we see that, indeed, the moment of inertia exhibits a double backbending when is represented as function of the rotational frequency squared. If we consider also the energy levels of the band 1 + before its crossing with the band T 1 the graph of Fig. 13 would be continued to the left by a saw teeth like curve.
Finally, the M1 transition probabilities have been calculated with the equations (6.6)-(6.8). The gyromagnetic factors for the collective core, denoted by g p and g n , were determined from equations predicted by the GCSM model, Note that the bands T 1 and T 2 correspond to two reference frames of the three angular momenta J F , J p , J n which are related by a chiral transformation which changes the sign of J F . The matrix elements of the X sS term in the two reference frames differ from each other by sign. Therefore, for one band, T 1 , the interaction sS is attractive while for the other band, T 2 , repulsive. However, there are another two chiral transformations which change the signs of J n and J p , respectively, of the right handed frame associated to the band T 1 , F 1 . Each of the corresponding bands is therefore a partner band for T 1 . The additional bands will be denoted hereafter by T 3 and T 4 respectively. They are also partner bands for T 2 since their frames, F 3 and F 4 are obtainable from that defining T 2 , F 2 , by simple transformations. Indeed, F 3 can be obtained from F 2 by a rotation of angle π around J p , while F 4 is obtainable from F 2 by a rotation of an angle equal to π, around J n . T 3 and T 4
are themselves partner to each other, the associated frames being related by a π-rotation.
Indeed, F 4 is obtainable from F 3 by rotating it with the angle π around J F . However, the sS interaction is not invariant to the mentioned rotations which results that the bands T 2 , T 3 and T 4 are different from each other. Note that each of the π rotations, mentioned above, is a product of two chiral transformations and therefore a chiral transformation, given the fact that chiral transformations form a group.
We mention again that so far the chiral symmetry has been studied for odd-odd and odd-even nuclei around A=130 [27, 28] and A=100 [29] . Only recently the investigation was extended to some heavy nuclei with A ≈ 190 [30] . Although the first interpretation of the twin bands in terms of a spontaneous chiral symmetry breaking was given by Frauendorf [31] , the first measurement was performed already one year earlier [27] . Several approaches devoted to the chiral bands description have been proposed. Among these, the particleasymmetric rotor (PAR) model is the most popular. It is interesting to mention that PAR was developed, both analytically and numerically, by one of the authors (A.F., in collaboration), and, moreover, the nuclei studied belong to the regions mentioned above [32] [33] [34] [35] . The experimental systematics established the criteria upon which one could decide whether a pair of bands might be considered of a chiral nature. Briefly, these are: 1) The partner bands are almost degenerate. 2) The energy staggering parameter must be angular momentum independent.
3) The staggering behavior of the ratio B(M1)/B(E2) and B(M1) in /B(M1) out , where B(M1) in and B(M1) out denote the intra-band and inter-band reduced M1 transition probabilities for the partner bands. In Ref. [36] it was shown that these criteria are necessary but sometimes not sufficient, the partner bands corresponding to nuclear shapes which are not close to each other.
Note that our procedure is based on angular momentum projection from proton-neutron boson states. Until now this has been overlooked, since boson Hamiltonians invariant to the rotation transformation were treated with basis states of good angular momentum. Due to this feature people focused on angular momentum projection from a many body deformed state ( see for example Refs. [40] [41] [42] [43] ). Our procedure has the advantage, over the other boson formalisms, of not having redundant components caused by using a different sets of Euler angles for protons and neutrons, respectively.
To our knowledge the present paper is the first one devoted to the description of the chiral bands in even-even nuclei.
VIII. CONCLUSION
In the previous Sections we formulated a semi-phenomenological model to describe the magnetic bands for even-even nuclei which are almost spherical or moderately deformed.
The main steps performed towards achieving the goal of this paper can be summarized as follows.
The phenomenological Hamiltonian specific to the GCSM model, previously used to describe the magnetic scissors-like states, is amended with a particle-core quadrupolequadrupole and a spin-spin interaction term. The pure single particle term describes a set of nucleons moving in a spherical shell model mean-field and interacting among themselves with pairing force. The particle-core space is generated by a set of particle-core product functions. The first subset has the GCSM model functions for the ground, β, γ, 1 + and 1 + bands as core components, while the particle factor function is the quasiparticle vacuum state denoted by |BCS . The second subset of the particle-core basis consists of a quasiparticle component which is a state of two quasiparticles from the shell h 11/2 of total angular momentum J, with J = 0, 2, 4, ..., 10, and a core component which might be any state of the magnetic band 1 + . Angular momentum composition of the projected states suggests that the two quasiparticle-core states may favor a chiral configuration for the angular momenta carried by the three subsystems, i.e., J F , J p , J n . Moreover, the reduced M1 intra-band transition probabilities acquire large values, although the nuclear deformation places the nuclear system in the region either of near vibrational or of a transitional region. The parameters involved in the model Hamiltonian were fixed by fitting the experimental energies in the ground, β and γ bands. The application was made for 192 Pt, the choice being justified by its triaxial features which might favor a chiral geometry for the already mentioned three angular momenta.
The bands denoted by T 1 and T 2 respectively, exhibit a set of properties which certify their quality of partner bands of a chiral nature: 1) The two bands are almost degenerate;
2) The moment of inertia considered as a function of the rotational frequency squared presents two backbending-s; 3) The signature energy staggering is almost angular momentum independent; 4) The B(M1) values associated to the intra-band transitions are large despite the fact that the deformation is typical for a transitional spherical-deformed region.
Concluding, the present paper proposes a formalism to quantitatively describe the properties of the chiral magnetic bands in even-even nuclei. This was positively tested by the application to the case of 192 Pt.
Our work proves that the mechanism for chiral symmetry breaking which also favor a large transversal component for the dipole magnetic transition operator is not unique. As a matter of fact there are arguments recommending the mixed systems of quadrupole and octupole bosons and a set of valence nucleons as a good candidate for achieving a chiral configuration [37] [38] [39] . Such a solution will be in detail studied in a subsequent paper.
Our description is different from the ones from literature in the following respects. While the previous formalisms deal with odd-odd nuclei here we treat even-even nuclei. While until now there were only two magnetic bands related by a chiral transformation, here we found four magnetic bands having this property. Here we considered two proton quasiparticle bands but alternatively we could chose two neutron quasiparticles and one proton plus one neutron quasiparticle bands. Of course, the last mentioned bands would describe an oddodd system. We already checked that a two neutron quasiparticle band is characterized by a non-collective M1 transition rate. This feature suggests that, indeed, the orbital magnetic moment carried by protons play an important role in determining a chiral magnetic band.
The core is described by angular momentum projected states from a proton and a neutron coherent state as well as from its lowest order polynomial excitations. Among the three chiral angular momentum components two are associated to the core and one to a two quasiparticle system. By contradistinction the previous descriptions, devoted to odd-odd systems, use a different picture. The core carries one angular momentum and moreover its shape structure determines the orientation of the other two angular momenta associated to the odd proton and odd neutron, respectively.
Experimental data for chiral bands in even-even nuclei are desirable. These would encourage us to extend the present description to a systematic study of the chiral features in even-even nuclei.
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